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PREFACE

This study was conducted by the Flight Instrument Systems Department, Sperry

Flight Systens Division, Sperry Rand Corporation, Phoenix, Arizona, under Contract

DAAJO1-74-C-0967(PlG), "Study to Assess Cockpit Indicator Marking and Lighting

Requirements of U.S. Army Helicopters". This report summarfzes the work accom-

plished tinder contract to the U.S. Army Aviation Systems Command (AVSCOM), Techni-

cal nriregrat-lon larn c: , Sy t oris Development and Qua lifici :rlon Division, RD&E

lDirectorate, St. I,.,,11 , Ml-tuoiirl. 'lh•he mnit y waH il tlatod in ,hJiu , 1974, and

:Om l l t( ;d tu Nov,-li'r, 19/'j.

The author is indebted to numerous U.S. Army and industry personnel who made

this study possible. Key Army personnel who contributed greatly to this study were

Mr. A. M. Poston of U.S. Army Human Engineering Laboratory (HEL), Aberdeen Proving

Ground, Aberdeen, MD, the contract Technical. Monitor, and Mr. J. F. Hatcher,

formerly the Contracting Officer.
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SECTION I

INTRODUCTION

This report presents the results of a program to establish requirements for

improving integral lighting systems and dial marking schemes applicable to.U.S.

Army aircraft. The effects of marking size, marking configuration and color

of the integral lighting system were assessed for maximum low-illumination

readability.

It is intended that the results of this study be used to generate new

specifications or revise exiqtIng documents to reflect the unique requirements

of Army aircraft. These requirements have resulted from the increasing emphasis

on Nap-of-the-Earth (NOE) operations and night flights.

The program was conducted by Sperry Flight Systems Division of the Sperry

Rand Corporation under the auspices of the Technical Integration Branch of the

Systems Development and Qualification Division of RD&E Directorate, USAAVSCOM.

It was conducted during the period from 27 June 1974 through 30 November 1975.

The objectives of this program include:

e Selection of an integral lighting system

• Assessment of two dial marking schemes

* Construction of indicator mockups, using the selected

lighting system and marking scheme, and lighting

measurements of these mockups.

e Construction of an indicator mockup mounting panel

and lighting control assembly.

e Survey of the readability of various types of displays

using night vision goggles.

6 Lighting measurements of fluorescent paints when

illuminated with Aviation Red lighting.

k... . . . .. .. . . . .. . ... . . ... . . . .. . . . . . . . .. ...



SECTION II

S UMMARY

1.' PROGRAM DESCRIPTION

The program consisted. of eleven specific tasks:

Task A - Lighting system study

Task B - Lighting~system selection

Task C - Dial marking study j

Task D - Indicator mockup construction

Task E - Indicator mockup lighting measurement

Task F - Night vision goggle survey

Task G - Indicator mockup mounting panel construction

Task H - Indicator mockup delivery

Task I - Red-lighted fluorescent paint measurements

Task J - Lighting control assembly construction

Task K - Final report

a. Lighting System Study K A

Five different types of integral instrument lighting systems were evaluated

for:

9 Uniformity of light distribution across the dial face

* Excitation voltages required to obtain the same illuminance

(total flight flux) from all the lighting systems at two

levels of intensity.

* Ease of conversion of the lighting system to other indicator

sizes

* Amount of stray light (unwanted visible light)

* Suitability for anti-reflection coatings

* Relative production costs

* Electrical current drain at 5.0-volt excitation

a Ease of maintenance

2
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b. LihingSys tem Sel ec t ion__XTASK_ 1)

A tradeoff analysis was made of the factors in Section a. This evaluation

resulted in the selection of the lighting system shown in Figure 1.

c. Dial MarkInjLS ud TASKC)

Thim task consisited of the follow'lng three phases:

* A su.lu ci tlt n, hasted tupon a ;1 I ,t c t i ve evalu1.a tion, Of F wo

candidate dial. graduatii philosophies and dial legend

character fonts.

a Experimental evaluation of the two candidate dial marking

schemes against the criteria of the total light flux

emitted from the face of the mockup at the level of

threshold readabiLity for dark-adapted subjects. The

less the total flux emitted for a readable display, the

more desirable the marking scheme.

* Construction and evawlution of several types of shape-

coded markings to deiiote caut[on iind warning areas on

a dial face when viewed under conditions where color-

coding is impractical., such as with night vision goggles

or with Aviation Red illumination.

The two candidate dial marking schemes selected for experimental evaluation

are shown in Figures 2 through 5. The two marking schemes used are shown in

Table 1. The experimental evaluation of these two schemes showed that there was

no statistically significant difference between the two schemes. That is, Scheme

A required less voltage for threshold readability than did Scheme B but the total

light flux emitted by the two were identical when the lighting systems were set

to the threshold readability voltages. Scheme I1 was selected for use in the

remainder of the program. The rationale for this selection is shown in Section

I1I1.2 .a.

3
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Selected Indicator Lighting System
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TABLE 1

DIAL MARKING SCHEMES FOR EVALUATION

Feature Scheme A Scheme B

Dual Rotor RPM Mockup:

Outer Dial Graduations

Major .200 x .035 .154 x .019

intermediate .160 x .030 .108 x .014

Minor .100 x .025 .076 x .011

inner Dial Graduations

Major .160 x .035 .154 x .019

Lntermediate .140 x .030 .108 x .014

Minor .100 x .025 .076 x .011

All Numerals .180 high, Futura Medium .154 high, Futura Book

Legends .150 high, Futura Medium .108 high, Futura Book

Gas Producer Mockp;:

Main Dial Graduations

Malor .160 x .035 .154 x .022

Minor .100 x .025 .076 x .011

Sub-Dial Graduations .080 x .023 .076 x .011

Main Dial Numerals:

"0" .090 high, Futura Medium .076 high, Futura Book

"1" through "10" .150 high, Futura Medium .154 hi.gh, Futura Book

Sub-Dial Numerals .100 high, Futura Bold .108 high, Futura Book

Legends:

"GAS PROD" .150 high, Futura Medium .108 high, Futura Book

"x 10 RPM" .100 high, Futura Medium .076 high, Futura Book

9
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Shape-coded caution/warning area markings were generated for future evaluation,

These are shown in Figure 6 and detailed in Figure 7.

d. Indicator Mockup Construction_(TASK D)

Using the indicator lighting system, Figure 1, and dial marking scheme B,

shown in Figures 3 and 5 and tabulated in Table 1, the twelve mockups shown in

Figures 8 through 19 were constructed. These mockups contained externally

settable pointers. Both an unfiltered incandescent and an Aviation Red light

block were provided for each mockup.

In addition to the twelve 2- and 3-Inch mockups, a 5-Inch Attitude Indicator

mockup and a 4-inch Horizontal Situation Indicator mockup were constructed. The

Attitude Indicator mockup, Figures 20 and 21, contains the presentation, markings,

and colors used in the prototype VSI (Vertical Situation Indicator) used in the

Boeing Vertol UTTAS helicopter. The Horizontal Situation Indicator mockup,

Figures 22 and 23, represents a typical commercial indicator of this type.

Insofar as possible, both unfiltered incandescent and Aviation Red lighting

capabilities were provided with these two mockups.

e. Indicator Mockup Lighting Measurements (TASK E)

On each of the fourteen mockups the following lighting measurements were made

using unfiltered incandescent light:

* The voltages required to produce .02 footlamberts and

.05 footlamberLt at a selected representative point on

the presentation

* Luminance readings, in footlamberts, of six selected

presentation points at excitation voltages of 1.5,

2.0, 2.5, and 5.0 volts dc

A 2-inch mockup, the Fuel Quantity Indicator, and a 3-inch mockup, the

Airspeed Indicator, were then converted from unfiltered incandescent lighting

to Aviation Red lighting and the above lighting measurements were taken again,

corrected for color. The results were then compared to the white light

measurement s. These comparisons are shown in Figures 24 and 25. Because

there was a reasonable and explainable correlation between the white and red

lighting data, it was determined that making further mockup conversions to

red lighting and taking additional lighting measurements of the converted

units was not warranted.

10
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f. Nih Visioa Goggle Surv ('rASK -

Various types of LED, incandescent, and gas tube readout displays were

assembled and viewed with night vision goggles. This survey provided qualitative

information for future use when assessing the operational range of these displays

ard their compatibility with a cockpit designed for night. vision goggles.

g. Indicator Mockup Mounting Panel _TASK G)

The pane]., shown in Figure 26 with the indicator mockups installed, was fabri-

cated . The Attitude Indicator and Horizontal Situation Indicator mockups are

cl.amp-motiltled; al I oth!r mockups are )ezel-inmtinted as shown.

h. hadicator Mock u DeLivery (TASK H)

All indicator mockups, mounting panel, and associated hardware and equipment

were delivered to HEL.

i. R!ed-Liszhted Fluorescent Paint Measurements (TASK I)

A 3-inch mockup, shown in Figure 27, was constructed for these tests. This

mockup used the lighting system shown in Figure 1 with Aviation Red lighting. A

color strip, viewed through an aperture in a matte black dial mask contained

eight different fluorescent paint color samples plus black and white paint samples

complying with FED-STD-595 color numbers 37038 and 37875, respectively. Each

paint sample was measured for luminance, corrected for color, at 1.5, 2.0, 2.5

ilmid 9.0 volts dc (!zxclatalon ont the lightIng system.

'TiiieHn ii;tw lir'trinol t w .ri! ltke.nu to provido data for iu titr iiso. 'I'lo IIl(,r(,/ioH lt)u ,

in Io I Itary [uoI ritr st Lli Ilte rv.;(.(lit pnl tl l s 1 ,vicietde 'ed by Olt. idditIon (if F i Iw

I fluoresc:ent paint: spne li ft-t'tuns to lievision A of FED-STI)-595.

j. Indicator Mockuip L ihting Control Assembly_(TASK §_

The lighting control. assembly shown in Figure 28 was fabricated to control, the

illumination levels of the indicator mockups shown in Figure 26. It was designed

to operate from a 115-volt ac, 60-liz source, With it, the illumination level of

each moc:kup may bu individually controlled and the lighting level of the entire

nmockup panel assembly may be raised or lowered.

k. Program Final Re.rt CIASK KJ

This document is generated in response to this requirement.

31
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2. CONCLUSIONS AND RECOMMfENDATIONS

a. Conclusions

The following conclusions can be drawn from this project;

• The current U.S. Army specifications for indicator integral

71 lighting systems are too loose in the area of brightness

uniformity across the dial face.

0 Instrument lighting using "eyebrow" or post lighting is

inferior to a lighting system integral with and tailored

to the specific instrument.

o Red lighting prohibits color coding of displays, and other

techniques, such as shape-coded markings, need to be

explored to improve dial readability.

s Current instrument marking criteria are inadequate for U.S.

Army use.

s A standardized dial marking philosophy needs to be established

and applied to all indicators on the aircraft panel.

a The dial marking philosophy to be adopted must be selected

using the criteria of readability with both the unaided

eye and with night vision goggles. These requirements demand

an uncluttered dial, markings and legends readable with the

restricted resolution of night vision goggles, and shape-coded

warning/caution areas easily recognizable through night vision

goggles.

* The total light flux emitted by the panel indicators is

independent of the stroke-to-width ratio of the marking scheme

used under conditions of comparable readability.

a The current U.S. Army lighting specifications provide an insuf-

ficient number of lamp types to design satisfactory integral

lighting systems.

35



a Under Aviation Red lighting, Day-GlcAD Aurora Pink, Saturn
R1 Yellow, Arc Yellow, Blaze Orange, Lightning Yellow, and

Fire Orange are all more visible than matte white.

V e Horizon Blue and Signal Green appear almost black under red

light.

s The three best colors to use with Aviation Red lighting,

in order of preference, are Aurora Pink, Saturn Yellow,

and Arc Yellow.

* The visibility of fluorescent paints under red lighting

is more than just a function of the amount of red in the

color; the deepness or paleness of the color (saturation)

is also a consideration.

b. Recommendations

The recommendations are twofold:

(1) Since this project did not address all of the unknowns associated with

the design of an optimum indicator panel for U.S. Army missions, further studies

should be made of:

* Lighting system voltages and intensities for optimum night

vision goggle use,

o Lighting system color to verify the findings of this study.

o Caution/Warning area marking schemes for enhanced recognition

with and without night vision goggles.

a Individual dial marking requirements to remove clutter for

night vision goggle readability while retaining readability

accuracy.

* Integration of LED, incandescent and glow discharge (gas tube)

displays into the cockpit.
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(2) Incorporate the results of this program, and others, in new or revised

specifications for U.S. Army flight indicators. Specific recommendations are:

o Revise integral lighting specifications to require that the

standard deviation of the brightness readings of a selected

number of uniformly distributed markings not exceed some

percentage of the mean. The selected markings would have to

be dutormlined by the individual display; the number of mark-

ingf selactod for a voltmeter, for example, would probably be

different than the number selected for an attitude indicator.

The specified percentage deviation from the mean requiren a

cost-effectiveness study for each specific indicator display.

e Revise integral lighting specifications to permit the use of

MS90451 and MS90452 lamps,

e Require an anti-reflection coating in accordance with

MIL-C-14806 on all optical glass-to-air interfaces in U.S. Army

aircraft panel indicators.

Require an integral lighting system in all U.S. Army aircraft

panel indicators.

e Permit the use of a Prime Standard in U.S. Army indicator

specifications in a manner similar to that described in para-

graphs 3.12 and 4.6.21 of MIL-I-27193 and paragraphs 3.11.4

and 4.6.14 of MIL-A-27623,

e Tighten the tolerance on the voltage used to measure a lighting

system by an order of magnitude. MIL-L-25467, for example,

specifies measuring lighting characteristics at 5.00 ± .10 volt;

this should be changed to 5.00 ± .01 volt.

Plastic lighting wedges and light trap wedges should not be

used in U.S. Army indicators at the present state of fabrica-

tion and coating technology.

If colored fluorescent paints are used in Aviation Red-illuminated

indicators, Day-GloW Aurora Pink, Saturn Yellow, or Arc Yellow are

the recommended colors.
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SECTION III

DETAILED TASK ACTIVITIES

1. LIGHTING SYSTEM4 STUDY (TASKS A and B)

The initial step in this program was the selection of an indicator lighting

system to be used throughout the program.

a. Task Activities

Five unfiltered incandescent white indicator lighting systems representing

current production units were assembled for comparative evaluation. All five

systems were fitted with the same dial face consisting of a pattern of matte

white painted dots, FED-STD-595 Color No. 37875, on a flat black background,

FED-STD-595 Color No. 37038. This dial face is shown in Figure 29. All

lighting systems were for a nominal 3-inch indicator. The five systems were:

Sys~tem AtSpherical-Plano per SFS (Sperry Flight Systems) 4013149 - This

system is similar to that shown in Figure 1 except that the lamps are T-1

(MS90451) instead of T-3/4 (MS90452), the two glass components have the off-axis

spherical surface shown in Figure 30, and the lamps, instead of being housed
in tubes, are secured flush to a printed wiring board placed in contact wf~th the

inner surface (toward the dial) of the lighting wedge glass. Further, this

system did not use a separate cover glass; the light trap wedge was the bezel

glass.

System B: Plano-Plano per SFS C-6E Indicator - System B is also similar to

that shown in Figure 1 except that the lamps are size T-1 (MS24367), are housed

in a monolithic light block instead of tubes, and are placed in the shrouded

recesses in the lighting wedge glass shown in Figure 31. The light trap wedge

glass has the same configuration as that shown in Figure 1. Further, this

system did not use a separate cover glass; the light trap wedge was the bezel

glass.

System C: Hensleigh per SFS 4003330 - This is a proprietary system covered

by Patent No. 3,246,133, Illuminating System, invented by Robert H. Hensleigh.

The lighting wedge and light trap wedge are usually made of a clear plastic

material and supplied by the vendor as an assembled matched set. This lighting

system consisted of this assembled matched set behind a .070-inch thick cover

glass and illuminated with two T-3/4 lamps (MS90452).
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DOT LOCATION TABLE

DOT X r iDoT X - V-
. .008 1.350 26 .234 .000
2 .000 14250 27 .500 .0003 000 1.000 28 .750 .0004 5 -.95 955 29 91.000 .00

5 .0 1.395 30 2 1.250 .000

a -. 8•4 .884 31 1.350 .000
7 .84 864 32 -. 177 -. 177
8 000 .750 33 .177 -. 177
9 -. 707 .707 34 000 -. 250

10 .707 .707 35 -. 354 -. 354
11 -. 530 .530 38 .354 -. 354
12 .530 .530 37 A000 -.500
13 .000 .500 38 -. 630 -.530
14 -. 354 .354 39 .530 -.530
16 .354 .354 40 -.707 -. 707
18 .000 .250 41 .707 -. 707
17 -. 177 .177 42 .000 -. 750
i8 .177 .177 43 -.884 -,884
19 -1.350 .000 ,144 .4 -4884
20 -1.250 .000 45 -.9r6 -. 956
21 -1.000 .000 46 .955 -.955
22 -. 750 .000 47 .000 -1.000
23 -. 500 .000 48 .000 -1.250
24 -. 250 .000 49 .000 -1.350

_ _ _ _ . 0. 0 0 _ ] ..0 0 0. .] _ 1 _ ._ _ _ 7 ,e 3 .2

Figure 29
Lighting Evaluation Dial Face
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System D: Plano-Plano per INSCO 109 System - This is the system shown in

Figure 1. It was adapted from a lighting system obtained from Instrument

Specialties Co., Inc. (INSCO), Federal Manufacturer's Code No. 34641. The light-

ing wedge and light trap wedge glass are detailed in Figure 32.

System E: Hensleigh INSCO Add-On System - The sime proprietary lighting

system used in System C forms the basis of System E. In System E, however, the

assembled matched set of wedges is packaged together with the lamps in a bezel

to produce a non-repairable bezel/cover glass/lighting system assembly. This

assembly is designed to be secured to a flange on the front of an open indicator

case directly in front of the indicator dial and pointer presentation. Electri-

cal connections to the lighting system are through a 2-conductor cable integral

with the bezel/lighting assembly and external to the indicator case.

The light measurement procedure consisted of setting the excitation voltage

on System A to 1.5 volts dc and measuring the illuminance, in footcandles,

emitted from the display at a distance of 28 inches in front of the mockup.

This illuminance was then recorded and the excitation voltage changed to 4.75

volts dc. The illuminance at this voltage was also recorded. The excitation

voltages on all lighting systems were then adjusted to produce these same values

of illuminance, and the required voltages recorded. Using the excitation volt-

ages thus determined, luminance readings, in footlamberts, were taken on each

dot on the display. This data is shown in Figure 33. The term UNAVAILABLE in

Figure 33 denotes that either tho mockup dial aperture or the dial mounting

screws obscured the noted points.

The mockup excitation voltage was checked before each reading shown in

Figure 33 and the photometer calibration was verified before each columgn of data

was obtained. The readings were taken with a 20-minute aperture on the photo-

meter. This gave a measurement of luminance averaged over an approximately

.020-inch diameter spot.

Calculations of the mean and standard deviations for this data are shown in

Table 2.

42

| 1_____



frw

II

433



A ~ ~ e -ZA l.j.. LJ4ULA.Ap * IrIU lYkUATIO. ~ of * 4

1C0 D 00

CONTROL CONIOL~i F1fttChlt4, Model 100C!SP, o. Sme O

LUI4 (luiu.nmce mollUroinUW ts) * SpootOt L?., fle A254 4 4: Me *
V0CLTh3724. Hewlett-Packard Model 1440A. $or, 611.04916 9 4

OPH3I CAZ,- PL.AIO-PLAIO HI4NILKS93H PwAo-pLAm - s19i &i-i
SYIIEM PIANO PER popt Av 11111 PE R PIvac NO ADD150 0-

04_1 I 1MqA3 _ I L MAN -71 1% Al 1 ajf Api91 J!3j t2&
1*VC14 _&&At f. I¶N04A K, 6 ft. 1190 ,I a
rFr-('hMDLXSI , W W-1- -,. Wei mc -f- Uopf M-1 WE 14C
VOLMS 1.Sy 4.15V 1. ( v 414 v 1. 4 V S, 69 V 1.46 V 4.35 V 1, U V 6.91 V V V

1 it -
-~R I Oa% 1 um LAL umv .01. 6.1 " 140 79 _

01 !X -.06 0 .14 Lte-t 29S 03 AL -J ill .1 1 -4j t
II 5j. 6 Qt13 3 461 01(, L.69 ,i 0 16 1 2 . .M4 Qw 6

4 CL~e 3.76 UWAVA LADLE .069 .011 11. 55001 J.SL W 1 11
A.L. 61.. .6- UMAVA. LA L .040 Al . 044 * IOs .LLLA hl 60 -

F 02,4. .01 -Lit- AI .E~1. a L AId. *01ff j
LOA%-.LJAL .. a. a Ii ~ (~a L"6A--A

Big,...............OU- IA a ,@J-L.JAL -M...JAL

14 6-- .01- ALL Ja- -LU L Am- A&L

.2Ai1~A~ .di ._4jjLj 626 ~n .

oA& 1.7. c49 SAMSL . 011 4 j .02. 04 is

14 o44_t& oil ,6 .i _JL. 890 1. toL 044L i -I

-L- AL.QI ý± 0- a LIS i. of fl %-Do m~LL.m1--1Jj.- A
21 0 7 4.4L .1S 34. .2 Olt 041 6h±0 -

Is.. *to± 16.6 - LL 61il L £os .1.3 3.8 t
9 OL9 AL .11VA LADLE .007 . 0 __ 03 .3 _

240 9 o' 100 -*L Jfjl -0147 1J 1 JIt
21 .0. 7LE.9 2. _I_ A 4 gi . 6 613 11169

039. 1.1 . 3CI U .011 1.40 *ILL -1. I 03 k

214 104 1-7.0 1&S -1 L 44 3 1.2 ___ .044-L.-
29 .061 Kali S U .0L .1111OL 1.4ik t1L ML N ia k

W7 OL 0 1.1 4 Ol 21 .0 117 pC L2~,jh 1A &16.12
26 1,jj 4.91f . V1 3. Il -,008 3,19 .019 4.0 1
129 -GiA ±2 .ALL A L .010 J.L...li QL'L Li_ -.014 .14

22 L~i 14e .AkAl u.Lk 2 LA2 I
30 'A 1. 1 5 .A 4 .0 976A .A±.9 13_ .2_N JL___t . .3 i

Q;___ .'A. 4 (6-926 PNA 08ý LZ G*L 'oil 44 _0j LL L
ILS .047 697 016 -LM Olt~ 1.64. 07 4.±n..a i

it 0 * ~164 1 'IO J11 s3-1 A
.41 .046 -&Li --"L a. .0j1. Vol .0 4.1 4 -os -

424 -A42 -j L AL.9 011 4 1,9 .L4 X _J4L ,A&
41?4 8.4A gj IA I_ý , -.i g 1A. .0l. 6 1.96 .01. & .0A

Vjq f. 1 , 01AV1 _SL79 ,Ot I . A. 017 CI .n Le
39 i Q2 AIf olas LA.AS at 0 AL~ ONA 3417 0

401 C)3f -)- 084 4g -212 Ij&.4t .i i .~. 3
4"1 d03 .0 04414 .0 09. jjj, .0 30 4.S.I Om ____ -ol-L

42 -. 3A -CL otf, A JU - -00 1. 4 -. 9 A II -0 ,11L g-9-

4 ; Oil & I1 .161 9-Figure 133 02,5.0 O4 SL
44 ~ ~ igtn SO-te Evalu1 I.L.00 .4 ation1-3&.Aj

03 A .4 UAV LDE H~kh§r 'C" 5.1'43141

4t Oi 4 NVIAL ,0 .1. .3 ,&3



TABLE 2

MIEAN AND STANDARD DEVIATION CALCULATIONS,

LIGHTING SYSTEM EVALUATION DATA

System Volts XMean 0, Standard Deviation N, Number of Points

Wihot 1.5v .0360 .0093

Poit 1 4.75 7.6154 1.8423 4

With 1. 5v .0353 .0104

Pit14.75v 7.4716 2.0824

1.61v .0329 *.0158

B 41

4.78v 5.0195 2.3688

1.84v 099.0026
C 47

- ____5.69v 1.5696 .3965

* 1.48v .0250 .0047 4

4.33v 3.8405 .7145

1.46v *11260 .0058
All 46

P~oints 4.33v 4.1339 1.3328

2.21v .0380 .0212
E 49

6.92v 5.3402 2.7803

*-Withoutý points 1, 2, 5 and 7 (face of lamp housing tube not
flush with surface of lighting wedge glass, producing excessive
Jlight leakage).
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Two additional comments on the data of Vigure 33 can be made. First,

4.xcessively high excitation voltages are required on System E to produce the same
illuminance as the other systems. Secondly, the low luminance readings for a

given illuminance level for System C could have been dua to a general haze which

appears when the lumps are lit and im very difficult to remove. Another contri-

buting foctor couldc[ be the Dirge smoui or stray light produced by System C.

To further evaluate these candidate lighting systems the following factors
were considered:

# Amount of stray light produced

s Ease of conversion to other sizes of indicators

* Suitability for antireflection coatings on the
optical elements

o Relative production costs

o Power consumption requirements

o Raoe of maintenance

This evaluation is shown in Pigure 34.

b. Conclusions and Recommendations

It was concluded that System D was the best lighting system to use for the

remainder of the project.

The stray light from System D may have been lower than that from some other

systems because of the .093-inch added thickness of the cover glass. This added

cover glass was used because it was a part of the lighting system design used

by INSCO; it was their total design that was being evaluated. This placed the

lighting wedge farther back in the. mockup than the other lighting systems.

This is not normal indicator practice; usuAlly the light trap wedge is the cover

glass as well as acting to reduce stray light. Following this more standard

practice would reduce the number of glass-to-air surfaces between the viewer
and the display from 6 to 4. This would result in at least two benefits:

o Since each glass-to-air surface contributes to reflections which

tend to obscure the presentation, even with anti-reflective

coatings, this would redutce reflections in this system by 30 percent.
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I,

L.ONTXIO MOCKUP CRAIAC••RISTXCB

OHARACTUIBTIC A SCS

,Volts 4.SV IOgw 5 Coll S.6V S.WV 1 OO
Stray .T .0 0 1 SSg~ay op . .17 ,6 71 .21 .12 .8 .03 .13 0

Light Bottom 5.9 71 8.8 10.1 13:5 7.9 2.0 3.6 2.8
ftgl. h! 2,4 2.3 2.7 7.0 . 1.1 1.9 1.4 .42
-Not$ I- Left 2.7 3.2 39 9. ' .7 .61 1,1 1.2 ,35

Wee of Convrysion
to 2-, 4l- or 3 5 4 2 1
5-noh System
(1 - easiest)
-Note 2-
Anti•-rieflsstion

Coating Yes yes no ye. no
Suitability_

ealtive Production
Costs (eatimated), 1.70X 1i.8X 1.18X 2.721 1.001
3-inah system-Nlote_ -,

Current .46 A .46 A .23 A.4 A.2
t..6A.6A.3A '.6 A .23 A

4 .69 A 69 A .3 A .69 A .23 A
9 A ..9 A .. 35 A .92 A .35 A

Maintenalnce Wil,/printer TAip/printiel Tamp/printed Ii•p indlvidually R i g/ti
none•teiatCols wiring board wiring board viwiig board uniooderable after systiem replace-
(Rankin, 1 :I assembly famlty assembly rs- assembly re- partial tibaseably able as a vUL
easiest t.o removed from movable after movable after of indicator, Vith•iut "&-
maintain) lear of boael/ partial dis- partial disassem- Disassembly inter- assembly of

lighting assemably, assembly of bly of indicator. mediate between indicator.
Requiles partial indicator, Die- Dimaeseably inter- Systems B and C. Rank: 1
disassembly of assembly more mediate between Rank: 5
indicator, exionsive than Systems A and B.

lnks 2 for Systel A. Ranklt 3
Rank, 4

1. Stray light vasn measured at two voliageei the voltage giving uniform illuminance (foot-candlem) a&d
at 5.00 volts. Stray light was measured with a Photo Research UD 1/2 photometor, with a supplementary
SL-20 Iona, aimed at a Kodak R-27 matte-vhite reflectance card placed parallel with the asis of mckup
and adjacent to the appropriate odgs of the bezel. The readings covered a spot apptilhiiately 0.17 inch
diameter. The card wae scanned to locate the maxim•m reading. This procedure is essentially a proctioual
coumpromise of the procedures given in para. 3.3.7 of RIL-L-254670, para. 4.5.5.5 of MIL-L-27160, end
para. 5.6.2.1 of SAE ARP 1161.

2. System E is ranked as easiest to !nnvert primarily because a 2-inch system alyeady exists. system B
I.t rank.d monst difficult tenause of the complexity of the glase shape. Converting system A would require
the availability of onamserclal glans grinding equipment to develop suitable 2-, 4-, or 5-Inch SYlstmel
this development, would he sub-cnlf,raoted. flyetel D) to a straight-forward design requiring a minimum of

ex;.sricsental wqrk to Oonvert.. All systems, except poessi]ly system D, would require a new matched b•sel/
glass/lamp/paint design to convert to Z-, 4.-, or 5-inch systems.

3, Examplms System A is 1.70 Utmes the cost of System Y. Production cost estimatee do not include the cost of
any naw tooling or fixtures required, for example, for anti-reflection coating of the glass parts; these

coets are, within reason, Independent of Indicator size. Produotion running costs are likewise reasonably
independent or indicator cize. Estimates are for a bezel/glese/lighting system assembly.

4. Current requireoents are based on the use of .15 Spherical Candle Power lampe, e.g,t NS24367-715,

HS24s515-718, MS90451-7152, or M$90452-7153. Currents for 3-inch systems are actuale f•r the teet units
used; currents for 2-, 4-, and 5-inoh systems are estimates of the number of lamps which would be requirod
in these systems.

7 1.3.34

Figure 34
Lighting Mockup Characteristics
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a Removing the cover glass and letting the light trap wedge

perform this function would move the display forward by

the amount of the thickness of the cover glass. This

would increase the display viewing angle,

It was observed that a halo of light is present around the periphery of the

display if the edges of the light trap wedge glass and cover glass, if used,

are not blackened.

The edges of the lighting wedge glass in System D, shown in Figures 1 and

32, were painted black because this was the paint system used on the vendor's

design from which this was derived. The usual practice is to paint the edges of

lighting wedge glasses white to increase the back-scatter of light onto the

presentation and, hence, increase the efficiency of the lighting system. How-

ever, the lighting system for each indicator is tailored to that specific indi-

cator. Many techniques are used, such as judicious use of white and black paint,

reflectors, chamfers and notches in the lighting wedge glass, auxiliary light

blocks, combinations of wedge and transilluminstion lighting, etc. Figure 31

shows some of the complexity that can result from tailoring a lighting system to

a specific indicator. No attempt was made in this project to optimize any of

the lighting systems used. The results are, therefore, not to be construed as

the best that can be obtained.

It is recommended that the results of this task be used as the basis for

generating lighting specifications suitable for Army aircraft use. The data

obtained and the foregoing comments should be borne in mind when generating such

specifications.

2. DIAL MARKING STUDY (TASK C)

The purpose of this study was to determine the better of the two contending

marking schemes shown in Table 1, page 9, and Figures 2 through 5. A further

purpose of this task was to evaluate the caution/warning dial marking schemes

shown in Figures 6 and 7.

a. Task Activities

(1) Graduation and Legend Study

This task began with the investigation o' the characteristics of various

available type fonts for use with indicator dial legends. Twenty-seven fonts

were surveyed for stroke-to-height ratio and width-to-height ratio. The results
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of this survey are shown in Table 3. Based upon these figures and a subjective

"evaluation of the fonts, Futura Book and Futura Medium were chosen for use in

the dial marking study. These two fonts are ehown in Figure 35.

Using these fonts, the dial graduation scheme shown in Table 1, page

9, and the selected lighting system shown in Figure 1, the four indicator mock-

ups shown in Figures 2 through 5 were constructed. All four indicator mockups

used Aviation Red lighting. The mockups were then designated A through D as

defined in Table 4. The four mockups were then evaluated in the light laboratory

using eight subjects and the setup shown in Figure 36.

The eight subjects all had approximately 20/20 uncorrected vision and were

dark-adapted for approximately 20 to 25 minutes prior to the tests. One subject

was then seated 28 inches from one of the instrument mockups with the illumination

intensity at zero and out of view of the remaining subjects in the room. The subject

was then asked to gradually increase the lighting intensity, with a control

provided, until the pointer positions could be read. After the pointer position

readings were verified, the voltage was recorded. This procedure was repeated
two more times at different pointer settings for a total of three trials per
mockup. This process was repeated for all four mockups for each subject. The

mockups were presented to the subjects in the order shown in Figure 37.

Following the establishment of the minimum voltage settings, illuminance measure-

ments, uncorrected for color ratio, were taken at a distance of 28 inches on each

mockup at each of the eight average tabulated voltage settings for the eight sub-

jects. These are recorded in Figure 37, A statistical t-test was then

performed on the illuminance measurements to determine the statistical significance,

if any, between the two marking schemes on the two types of indicators at a .05

significance level. The results of these calculations also are recorded in

Figure 37.

Luminance measurements were then made at six selected points on each mockup

at excitation voltages of 1.5, 2.0, 2.5, and 5.0 volts. These are recorded

in Figure 38.
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TABLE 3

CHARACTERISTICS OF REPRESENTATIVE TYPE FONTS

Stroke Width
Name Height Height (See Note 1)

Univers 39 .05 .22

Futura Light .06 .73

Univers 45 .07 .61

Univers 49 .08 .25

Univers 47 .08 .40

News Gothic Condensed .09 .42

News Gothic .10 .56

Futura Book .10 .60

Eurostile Light .11 .73

MS 33558 .12 .61

Eurostile Light Extended .12 1.12

Univers 59 13 .37

Futura Medium Condensed .13 .44

Univers 55 .13 .65

Futura Medium .13 .74

Univers 53 .13 .90

Univers 57 .15 .48

Univers 65 .19 .72

Futura Demi-Bold .19 .75

Univers 67 .21 .54

Futura Bold Condensed .22 .53

Univers 75 .26 .75

Eurostile Bold .26 .79

Futura Bold .26 .81

Univers 73 .26 .87

Eurostile Bold Extended .30 1.17

Univers 83 .32 .94

Note 1: Ratios vary with character; those rabulated are
for "7", where available, or for "5" where "7"
was not available.
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Futura Book
abcdefghijklmnopqrstuvwxyz

ABCDEFGH IJKLMNOPQRSTUVWXYZ
1234567890 (.:!ItK$I/

IF.54

Futura, Medium
abcdefghijklmnopqrstuvwxyz

ABCDEFGHIJKLMNOPQRSTUVWXYZ
1234567890 $4e

TV 20

____________-716-3-36

Futura Book and Futura Medium Type Fonts
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11,1TA*14PHT 03519M, 1.056 olit V,-il i V1 .. :l 44 9 ".,

AV, I I,1 o.410 AVG I .104 AVOl', 1. Avn't.ttl

HhMi., .K,' U tll V -2Il. (4 V Ulti.

(OATS. 5i. &Jl.4.Is -,0~Ll0 so:V 161 ",1 9 -U U 01. 97 a.1 i
HINTHUHPPH UNHIf.tli I 2.106 x1at V1  "tl.L Aid$ VI .. ,104 V3 -1. 1A.0

b. A3. It.5rl 1(..I& 1" - AVnI3.241 - ~ AVGII 11 -1 AVe3,t Ie

"Amt, (H V3 .2.0" Vt.6 V 1 .6

VkA iJV6i~~e 2 .-.061 0.14 V, .1.1v0-u V, -.0..06 932 .1&14
INGTNUMIH..1T 011101P11. V, .16 All"V 21t~l' V 3 A v I .1t4 ,0

b. A. 1I, r' A0 t.010 AV;111AVU, I-Il AVG, .146

Wl)l'IAHC1. r t& tel) -- c-14 N3 -0 ( o -t-C0.4( .N-s ,

1. illum.inance t(oot calili,, mosvur.'n.'tu tIak.n at a dibtancn1 of P. amcb*4. wit utlO.

3 ~~ ~ 4307 .

3 POINHILlk SETTIMNa'S FOR POSTOSI'

I AS ,1A..
It8 2.0 *5
3 l05 1.5 . 3

Figure 37
Threshold and Illuminance Measurements, Graduation and Legend Study
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LUMINANCE, INSTRUMENT MCKUPS A N-
(NO. I POINTFER SET AT 40, NO. 2 POINTER SET AT 3.5)

FOOT-LAMRERTS, MOCKUP A

1.5 VOLTS 2.0 VoLTS 2.5 VOLTS 5.0 VOLTS
LOCATION - -

READ- WITH CORR. READ- WITH CORR. READ- WITH CORR. READ- WITH CORR,
N a 3114 FT-L ING 3114 FT-L ING 3114 FT-i. ING 3114 FT-L

CENTER, "2M" ORAUATION ,O,,,, L .. ,003o ,oot.7 ,oes, . o1,1 .0t49 Olfi *o4io S640 *399o .4ZZ

MIAL AF40VY "RTR" .000044 @9.0064 '00013 .6tfl000 265 .. 1S00044 .00047 M1.611.011ro '008't .0135
CENTER, NO. 2 POINTER TIP ,O011 00 1O4 -06 tL .000 0044 .010, ,o•L7 .!2,99 .0324 O .13 . jo .•1•7
ABOVE "I". NO. I POINTER L.o.& ,ooi .001,), so,1i 0-. ,o 1D53 ,oa.iz ,oissoz .37501249" .viO ,440t'
CENTER, "2' RAUA&'ON 0.o619 , 0 I004W..00 ,oof .1o60 ,O..o ,j 4 o 1. 3 . 2A0 A•{ 470

"8O" GRAD(UATION D.6ALPINT SET .T 3, oU.1D4A PO.NTER SET s.T )

LOCATION POOT-LANAERTS, MOCKUP n

CENTER, "20" GRADUATION 00,6k ,P130 0 1
6 .0077 ,0057 ,00'4% ,1o.01 ,01-.7 DL,771.41z4 , o .498a

CP, ~ ~ ~ ~ ~ M $0"1,60R ONTRTP ,,1•,01 0•ll .00l11 00M, ,~.1• LMA,O003'"/ .001:f ,,.,l ,I._

DIAL MEOVE "RTR" 10 .00001,M9O5 000 .@ij@5 'dI em .007 .0109
CENTrR, NO. 2 POINTER TIP aotjoc, ,Gi l ,@oo 16 08,0ot 60113 .0t.ij ,. .01$9? .041, A I"O A.4
ABOVE 1"", NO. 1 POINTER . 0014 '001t , !t•. 6008,5 .0089 OoS .oU t ,0oll.016 .S970 .1970
ClvNTrR. '2" GRADUATION .AL0 05,, .0e ,017 6o00. ,Ool 0 1bo g p. 0o11i UD.Ol .3 , . PlOf .34.3
CENTER. "S0" GRADUATION ,001.01,0016S,0141,0044.0060 0"9 .8.07 0.5 4s .k 4

(MAIN DIAL POINTER SET AT 3. SUP-DIAL POINTER SET AT 7)

LOCATION FOOT-LAMRERTS, MOCKUP C

CENTER, "1" GRAD•, MAIN DIAL 0024 .0019 0i031 .01.4 ,0086 01a 6338 .0V. .0373, 6940 454/ .70371
CFNTER. SHORT POINTER TIP Oo*. .0o*S ,*o. 0149 ,0419 9)w .04 , 1" .0165 ,.*•, ,74o .596w.8185
CENTXR, LONG POINTER TIP lol1L.iY0O 01.8.oo3 E!A 3 iq.~ .014t o03'7 A10___ 0 6
DIAL BELOW "PROD" -,' 0S0004• o ,.6 06,46 .003,, 089,.E 41 AOS,- 40o11 ',L , .0191 ,04,4 1,1

"CENTER, "" GRAD.,. MAIN DIAL w0a ,Ool 6oot, oit*7 , oo ge .0150 .0378 ,O L091 .o44" .7150 .54" 0 [845&
CrimNrTR, SHORT POINTER TIP oats .0016 Do01 po. ? c~.c37.01 .01:737 So ,S
CENTER. LONC POINTM 'I'' a.00.1 .V003 .0094 W73 glj .004 .0 131 .0 331 .6540 o.64 4
DIAL BELOW "PROD" P OW 4- ' , AM, ,) a -
CENTER, '8" GRAD.. MAIN DIAL .06tofl )'0L .001 5 qb4 o oiI2 it oul .6013 .0316 .4770 15lo Sfi~i

CENTER, 'S" GRAD., MAIN DIAL[ L1,6 16 .. 09jj*4 *.oil j.011o 2.ii11 f(j55

Figure 38
Luminance Measurements, Graduation and Legend Study Mockups
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TABLE 4

LIGHTING MOCKUP IDENTIFICATION,
GRADUATION AND LEGEND STUDY

Muckiip Figure Indicator Marking S•cheme
Designation Numbor Name (See Table 1, Page 9)

A 2 A
Dual Rotor RPMB 3 B

C 4 A
Gas Producer

D 5 B

Also requested was the average luminance of the dial markings at the average

voltage of all eight subjects for each mockup. The average of five points on

each mockup produced the following data:

Excitation Average Dial

Mk Voltage Luminance, fL

A 2.010 .010

B 2.299 .016

C 1.826 .009

D 2.203 .020

For reference, the red brightness correction curve for the photometer used in

these measurements is shown in Figure 39.

(2) Caution Warning Area Marking Study

The candidate marking configurations shown in Figures 6 and 7 were gene-

rated and supplied to HEL for evaluation. These configurations were supplied in

the form of 1:1 white-on-black prints, 1:1 black-on-white prints, and 1:1 film

negatives (clear markings on an opaque background) for light-table evaluation.
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LUMINANCE, IFT-L I PHOYOMETER READING WITHOUT NO41 3114 FILTETRi X (CORRECTION FACTORI

IGm .0 .-.

.3 .7 .8 .9

-. COLOR RATIO *-PHOTOMETER READING WVITH N5 3114 FILTER
V PHOTOMETER READING WITHOUT NOS 3114 FILTER

Figure 39
Photometer Red Brightness Correction Curve
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b. Conclusions and Recommendations, Graduation and Legend Study

Examination of the data in Figure 37 shows:

Is More voltage is required to read the units using marking

scheme B (instruments B and D) than those using marking

scheme A (instruments A and C).
|A

a The total light flux from the face of the 3-inch mockups

(instruments A and B) is greater than for the 2-inch
mockups (instruments C and D).

a At the threshold of readability, the total light flux from

the face of the mockup is the same for both marking schemes.

The statistical t-test shows no difference in the dial
marking schemes at a significance level of even 20 percent

(two-tailed test), based on illuminance measurements.

• Based on these tests, additional study on marking schemes

is required to establish criteria to be used for U.S. Army

aircraft indicators.

3. INDICATOR MOCKUPS (TASKS D, E AND H)

The purpose of this phase of the program was to construct indicator mockups

utilizing the results of the lighting system study and the marking scheme study,

and then to make lighting measurements on them,

.7



a. Task Activities

Using the indicator lighting system, Figure 1, and dial marking scheme B,

shown in Figures 3 and 5 and tabulated in Table 1, the 12 mockups shown in Figures

8 through 19 were constructed. These mockups contained externally settable

pointers. Both an unfiltered incandescent and an Aviation Red light block were

provided for each mockup. All optical surfaces contained an antireflecticn

coating in accordance with MIL-C-14806A.

In addition to the 12 2- and 3-inch mockups, a 5-inch Attitude Indicator

mockup and a 4-inch Horizontal Situation Indicator mockup were constructed. The
Attitude Indicator mockup, Figures 20 and 21, contains the presentation, mark-

ings, and colors used in the prototype VSI (Vertical Situation Indicator) used

in the Boeing Vertol UTTAS helicopter. The Horizontal Situation Indicator mock-

up, Figures 22 and 23, represents a typical commercial indicator of this type.

Insofar as possible, both unfilzered incandescent arid Aviation Red lighting

capabilities were provided with these two mockups. All optical surfaces on

these two mockups contained a high-efficiency antireflection coating.

On each of the 14 mockups the following lighting measurements were made,

using unfiltered incandescent light:

* The voltages required to produce .02 footiambert and .05

footlambert at a selected representative point on the

presentation.

* Luminance readings, in footlamberts, of six selected

presentation points at excitation voltages of 1.5,

2.0, 2.5, and 5.0 volts dc.

These measurements are shown in Figure 40 through 53.

A 2-inch mockup, the Fuel Quantity Indicator, and a 3-inch mockup, the Air-

speed Indicator, were then converted from unfiltered incandescent lighting to

Aviation Red lighting and the above lighting measurements were taken again,

corrected for color using the curve of Figure 39. These measurements are shown

in Figures 54 and 55. If it could be shown from these measurements that there

is a correlation between the lighting intensities measured with unfiltered

incandescent lighting and those measured with Aviation Red lighting, further

conversion of the mockups to red lighting and subsequent light measurements

would not be necessary. The following analyses were then performed.
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(Poiniter mtat 6 !pcodcnt 0ightinr1

do fori.05red t..annshcatt

F- LUMINANCE, FOOT-LAMPEi0TS -

1.5 VOlTS DC 2.0_V~tlTS DO 2.5 VOiTS DC 3.0 VOLTS DC:
14CATTON RITA!- WI0TH COiRA. RKAD- WITHF C:ORR. READ. WITH CORRS. iIEAr- WITH CORR.

1 NO 3114 FT-L. ING 3114 TT-L. I NG 3114 FT-L. ING 3114 F-

retitt.r, 00 rlIrad. or L7 I ITL

cEont..r, ion) Ored. .I* _ .7 .i. -4f4

rnntor, 11lttoro Trad .et. t..

Ceter, 60) raý.Urd, ____0--. -. 'uI A
.art 115340

Figure 40

(Pointer Not, at 1130 Knots)

1l110TOMMOT'k I r-it -harr, Modeil I )I0/lPL er. h256 mIIAIILJCd WTHf r 1 &--..~
rC,'l~'~. IN1OI, I Pr ite.-hardI Wr)'iel 1 I S /rDRPI, rer . A21.6

VDIIIIf ilewlgltt-l.acflutd Mun .. 3l1440A, hear. W-0.6415 .. Aviation IncadeoI

VOL'IA(iJ.~J 1014 LJI~CUZUE) L11MXNANC.U: llUnflltiurel Incandescent I,1ihtinq)
unvah. 3 Oi coniqer of 50 .- tot qlradt ion

vol Isý dv for .2foot - l~awhrt:
volt. d,: for N5 fS fot -1 mb .rta

I ~~LUMINANCE:. FOOT-L.At~ERaTS

r , OLSD 20VLT C 2.5 VOLTS D)C 5.0) VOLTS PCr

lOrATION......... ................. ...---- 4 ... -- , ..- - .
READ- WITH CON.RR AD. WITH CO0RR, IR"EAD.. WITH 1CORR. IREAD- WITH71 CORR.

11)4013114 FT-L. 3N '3114 FT-L, I 114(2 T13114 TT-L. £140 3114 FTT.L.

Ca*ntor, zero crad, oI _

a n t ar, 10 card. 51 i?. ~ L

(:einte, 100 Ord. , -~.I --
730 Ora. *'i o77I

Figure 41
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"(Pointer met at 850 C)

PHOTOMITERi Pritchard, Model 1915/OPPL, $or, A256 MFASUF -i -_--
"CONTROL CONSOLKi Pritchard, Model 1980/CDHPI, Ser, A2%6
1lFNSi Specter LV-19, Sir. k256 L~~Ln.O.~
rILTE NHS No. 3114 "Avlatlon Rod
VOLTMZTI•RR Hewlett-Plockard Model 3440A, Hler, 637.0691ý giUnflit'ern.d zn'endevocant

vULaAcas . oR uPi•O J.U NvalJj (unfill r ed Ir ivariewronlt I,irchtlng)
L oottloni Cetntir of the 700 graduatlon
jA LIT. volta dr. for .02 foot.-lmbnrt.x

VOILN do for .05 foot-l mbartm

LUMINANCE, FOOT-LAhl[3ERTS

1.5'JLTSDC 2.0VOTSDC 2.5 VOLTS DC . 00 VOLTS DC S
LOCATION -F _-I., -- "

READ- WITH ORR. READ-I WITH COR •Ii -WITH iCOHR. READ- WITH C'ORR.
ING 3114 FT-L. ING 3114 FT-L: 1N 3114 F'T-L GN 3114 iFT-L.

Cant0r. 1000 , 4r5 . ±
Center, Pointer Tip 'Lo ..... I - i .. 4 ' {
C!nter, 100 •-td, -7A I

center, 2 00 Grad. 12§4R ~
Oenter, I0n ormil.

Figure 42

LIHT5MET3 2-I NC TRANSMIDQ •J= 2IZNSDLI CAT O R& a

(Pointer met at +70rC)

PHOTOMETtRt Pritchard, Model 1980/OPPL, Ser, A256 MEASURED U''
CONTROL CONSOLEt Pritchard, Model 1980/CD0PI, der. A256
LlNS: Specter Lr-iS, Sir. A256 LL Q COURjFIL.TrRi NO No. H 3114 Aito e
VOLTM1TER 1Iawlett-Pachard Model 3440A, Str. 637-06915 AviatiOn RedRunf ilte red Incandescent

VOLT-JAW90 |'OR.1'E"EII .LAM.1MCJ (tinfiltered Incandeescent Lighting)
Loc~t *on, cInt~v of the +100 C qrnduation

's. volt: do for .02 foot.-lambert:

SI,•LL volta do for .05 foot. -mbertn

................................. UINANCE, 'OOT-.IAMRE•T5

I1.5 VOLT [DC 2.0 VOLTS DC ý.5 VOLTS DC S. 50 VOLTS DC7
LOCATDON- WITH CORR. READ- WITH CORR. RD- WITH - .READ- WITH CORR,

ING 3114 F'T-L. ING 3114 PT-L. ING 3114 F'1-L. ING 3114 j Ir-L.
Conter, 4150 Orad. . l

Contmr, +100 Orad. A3

Cant-er. ointer Tip .- -i I34--3
.20 z~O~rad.~ GI3A-. t-- TL

Conter, 2 a._____ ___I&

~Cnter..+.20 Grad... -277 ~._-

Figure 43
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W PM. Ar MUJ -2.. . . .... . .... ....... ICAtQ.
(Point"r set. at 60 pai)IpL•U Z PI"II• I'1•', DATE, • I•,i•• .

PIOTOMMT.TER, Pritrhrd, Model 19110/OPPL, Bar. A256 MEASUR"-iiE".
CONTROl, CONSOLEs Pritchard, Model 1980/CDOPI, Ser. A256

tENSe Spectar L'-19. Set. A2W6 I•OS1[T.Zg..OLQ
FILTERt NES No. 3114 vi•o d

VOLTMETCERI Hewlett-PackardI Model 3440A, Bar. 637-06915 QUnfiatered Incandeaet

1,VJ41NA~Unfltta CL4 (nfltredcadecot nt q

)LOLTAg•..O_ .l•&Pi¢C.FXE1) _ALUAC1.S.; (Unfilterod Inritndeacant Liulhtinq)

IotLon: Center of the 40 Pai graduation
VOlts dc for .02 Eoot-lamberts

I I: voulta dc for .05 Eoot-lamberts

LUMINANCE, FOOT-LAMBERrS

1.5 VOLTS DC 2.0 VOLTS DC 2.5 VOLTS DC ',.O VOLTS DC
LOCATION BRAD- WITH CORR. READ- WITH CORR. READ- WITH CORR. READ- WITH CORR.

INC 3114 FT-L. ING 3114 FT-L. ING 3114 FT-L. ING 3114 FT-L.

Center, 80 Grad. .0) 111.6I~ - - AL__b__ 0~ - -

center, 100 Grad. .018 ,09L ___ __ At-at

Center, Pointer Tip ,02.i-T ,A4 -_ .Z.9 . . 8..18
Center, 40 Grad. .... oZI I _1 _. __ _.__

Junction in "V of OIL ,.6z1 -4-___ ,283 [ ,9
Center, 20 Grad. -0223 __ I 1- ~AA4

116-3-44

Figure 44

LQIG4T MF-u _i:T. M•.N.: L U I.QB
(Pointer set at 29 psi)•LUIPMT.NT: PATE, So0 oc.r"

PHOTOMETEIR! Pritr•ard. Model 1qlO/OPPL. Set, A256 MEASURED BY"
C':NTItot. r(ONSOL:I Pritlhar,1, Modal 1980/CPRPI, .or. A256
LNIINl !;pPittar JXilt|€, :,ilt. A254 U61MMT.lg •:91aa t

l - .lltE N.Mi Nn,. 1114
V(jI.'tmr1r?:;Ii IHowlett Pt'karid Modtl 1440A. Ser. ok7-0015 iUDAViationeRad

iunf i tor -1 Incnesneennt

V'LfAGI'J tAr tF :4'LIIF; ' :1'D , Jfltnllt ,it-1 d in:0andolsc nt. Liulhtiailm )
Imc', 1,, n' n , rI-..r of tha 2{) pitl orad.,ation

I,171 . voal.a hIl for .02 foot- laiulrtl
I .* s vOlt i,. .r ori, rool-lalhortm

LUMhNANCE. FOOT -LAMBERrTS

1 C.5 VOLTS -2.0 VOTS IC 2.5 VOLTS PC 5.0 VOLTS DC

,.ICAtoN READ- WITH I CORR. RFAD-j WITH CORR. READ- WITH 1CORR. REA- WITH CORR.

ING 3114 iFT-L. ING 3114 FT-L. INO 3114 FT-L. ING 3114 FT-L.

" . .. .. . ."_ ".. __ .... f,'o I ,,l l .___ l4".4

Icenter. 40 nrad..-- I-
Center. Pointeor Tip ,C17______
',rtntv. 50 -rad. oJ16 A__ 1I6 ____

r.20 Grad. .___ *3
ronter. ero Gra. - otf:. 0%lx!LI-i

GStrad. Il I L414 1
716 346

Figure 45
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(Tm no-oS2,aaedtm one ood

CONTROL C'O SLEi Pritc~hard. Model 199O/C~nPI. aer. A256 noa

VOLAOSS 109Q SB &fl.I) 49INZtAUZ~ l'nfiltered Iroaridescent Lilfliting)
Locetioni Center of the 20-second dot

II7 volts dc for .02 foot-lambert@
j¶ ~ volts dc for .05 foot-lamberto

II ___ ~~LUMINANCE, FOOl'-LAMIIERTS_______
1.5 VOLTS DC 2.0 VOLTS DC 2. 5 VOLTS DC 5.0 VOLTrS DC

LOCATr-N READ- W1ITH CORR, READ- WITH CORR. READ- WITH CORR. REAn- WITH -CORR.
IINO 3114 FT-L. ING 3114 FT-L. INC 3114 FT-L. ING 3114 FT-L.

r enter, 60 mark 101 __ O~__ __

Center, 50 dot Ot 1 ____ .lo
Center, 10 dt.f

2  ~..L 4
Centor. 40 dot AL ___ AU. -

Center, 20 IS) all- _ .b

Figure 46

(Pointer set at 25 volts) DATE: 3.O.i
PlIOTC:?4TFRL Pritchard, Modnl 1900/OPPL, Bar. A256
CONTROL CONSOLE1 Pritchard, Model 13S0/CDBPI. Stir. A256LIH Kr=
LENSi Specter Lr-19. 5cr. A256
FILTERI NBS No- 1114 Aito o
VOT.TMEF.TEI Hewlett-Packard Modol. 3440A, ser. 637-06915 QAiet io Rterd Icnecn

Yol'T'AacUfilere Incandesnanescntcentng

Locatioll cantor of the 10-volt qraduatiotlJ..7 volt:s de for .02 foot-lmet

i.0*t- volts dc for .05 foot-lernberts

1.5 VOLTS Dr 2.0 .VOLTS DC 25VOLTS DC 5.0 VOLTS DC

LOCATION I READ WIT OR.I READ4 WITH CORR. EA- W~ RM READ-- WITH CORR-
L . .- ING 3114 jFT-L. 1114. I 3114 FT-L. INC- WITH fFT-L INC 3114 r-L.

ront.ar. Zvlci .r.d. T..... All!o~
t

-. k-
rent~r, 5 GraO. 0

ý.3~nter. 1Crd. 9

Center. Pointer Tip Q7 - .__

Cemter. 30 Grad.

Figure 47
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(Pointer Set at 25 ampa)DAE 30" S
PHOTOMETY.Ri Pritchard. Model 1'3R0/OPPL, SeL. A256, MRIAS'Nf fly Y?~ h
CONTRol. CONSOL~t Pritcharil, Model 19S0/C13NP1. $or, A256 tRF

LENSt Spmetar LF-19, Ser, A256 LM.T1U.=lAg 8~ 1
F~. ILTER: NUS No. 3114 r~ito ~VOLTMY.TEEP Fewlett-Pmelterd Modiel 1440A, Ser. 637-06915N LRAVfal1oro Redanvc

LInat-iA.ont ". 119e~r of th' 10..arnpt grneluat ion
S47's volts 11, for 02 fclot~larntrtm

Z,6t vijjt.A do. fcir 0,fr(~t Lamhert £

LUMPINANcr;. FOOT-LAMBERhTS

LOAIN1. 5 VOLTS VC 2,0 VOIT3 tIC 2.'~ r DCT p 0 VOLTS DC '
LOATONrPM)- WIt'H CORR. READ- WITH CORR., READ.- WITH CORR. REAl)- WITH CORR.:

I NO 3114 PT-L. ING 3114 F'T-L, ING 3114 ' T-L. I NG 3114 FT-LI1

k f______________ La -i

C'ent Pr.r Pointvr Tip - -~i.44 s,.
"00htmr. JOl Grad. i

Figure 48

6VA(ITr Mi*:MI INttMlNrTS, i- INC-II 'JI:nTVAL, A)'ri:r IND1ICAT',)lI
I'oirlte'r amI. at 100 VPM I101

'FI()rnml;,TKN! Pri tchord. Murlol 19130/OI'I'L, Ser , A25i6 MEASURE BY, .LA Ufe.4
VONTIACI. CONJOOLh Pri±tch~ard , Modeil 1 9S0/rfl1P7., Snr. A2S6
1, IN!J I 5p'utar 3r S.Sr. A256 Lrh.Ws2QEI

VOLTMrETFH) It- lt-Pon Modol 1 4410A, Se'r, 637-0691 5veto eldiUnfilterd Incandesecent

VrJIIAlI~T; 101 W1 I'll:] I.MIJNAN'.-f:3 lUnfilto :red In~candescent LIiehtinlr)t
I1-1 1l1 1., r,.11r,r of i ol. ,, r' iidunil In.,

,JIM INAFICI:.IoO l0~A.MIII,.tI)It

111 ." V01i11C I' 2i.( VOiT. Jr; .'w Vo~lt S n~~f VOLT5 lx'

ATIJXNjAb WITH CORR. REtAD.- WITH COAH. PEAT) W1 TH CORR. REAP)- WITH CORR.

*~ Itl314 T-, NC 3114 FT L. I NG 3114 FT-I.. ING. 3114 FT-I,.

Ceotter, 1500 UP G~rad. ( - *41

Center. 3000 ON G~rad. __ __

Figure 49
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r f'

U1 "(Pointer not at 84 psi)

PHOTOMXTVFRI Pritchard, Model 1980/OPPL, Bar, h256 2t- -3
CONTROL CONSOLE: Pritchard, Model 1960/OG BIZ, tar. A256
LENSi Spectir LF-19, Sor, A2S6 LORTIhgK.QWQt
FZLTtRi N5 No, 3114
VOLTMETERi Howloett-Packard Model )440A, Sor. 637-06915 fAvietionr ed

:.,, Unf Iter d incan'descaent

WvLTAgES. FQj ., (Unfliltered Incendoacont Lighting)
Locationi Center of the sero graduation

volta dc for .02 foot-lainbartv
volts dc for .05 fnot-lamberts

LUMrNANPV, T-ADM..

S- - .6 VOLTS5 DC 1.1OIT C 2.5 VOLTS DC VO. T voVmLC
[HEAD- WTH' CORR. READ- WITHI CORR. RAT)- CR.VD WITH CORR..lAD

IO (AT ION ... ... r.. ... .. .. CO.. . ... .R... . . ... .

ING 13114 T-I,.l INo 314 1 T-I.. INo 03114 NT-I, 1WO 3114 FT-L..

rCenter, 114 GradW 1..-or...... .... 1. _ 3 7

C o nte r', 16 Orad. -.. 5i ..

Cantor, e8 Crad. "+ 
m...... 

---.... I1./-"" ,. 1 -*

Figure 50

(I ) ntrnr mpt! at 15 fIe',t, UontAr• At 12,000 a11d 10).Oq)

I'O';'I 'MENl' DATEI 7 Neil
1IIN 10), tVI1NMT I Pt itchar'd . HoIl MIri/0lO'I/I]., Bar. A2'lt, MA1ASU~i5 i

0MNIH I )Nl1101YP I' r0I hnrd . M,(1 SonI O /(rIp Rr . A 2-.if
I~,!;I :.l,-, Cr 1,' 1I I,ZtIHT1I{II COIQHIR

t'IITIl:4 NH!f; No. 1114
ltrAviation liedVf,'=l•'ll.' Ihowlott I':kird MoI 1446A, fr. h0.1691% VUnfI Iterod Incandescent
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It is a well-established fact that the luminance of a tungsten filament,

operating about its design voltage, can be expressed as an exponential function

of the applied voltage, i.e.

(footlamberte) - a (voltage)b

Thorefore, a regression nnalymts ("best fit.") Was performed on the data to

determine the coefficients a and b. Theme are shown in Table 5 for the IndIcators

examined.

TABLE 5

COEFFICIENTS a AND b IN THE FORMULA
b

(footlamberts) - a (voltage)

AVIATION RED VERSUS UNFILTERED INCANDESCENT (WHITE) LIGHTING

Figure Lighting Remarks a b
Numbers Color - -

54 and 24 Red All measured points .00035 4.636

54 Red Ignoring data for center .00035 4.648
of the 300 graduation and
the junction in "T" of
QTY (For reference only)

40 and 24 White All measured points .00371 4.615

40 White Ignoring data for center .00350 4.633
of the 300 graduation and
the junction in "T" of

QTY (For reference only)

55 and 25 Red All measured points .00032 4.704

55 Red Ignoring data for center .00037 4.685
of the 30 graduation
(For reference only)

41 and 25 White All measured points .00264 4.590

41 White Ignoring the data for .00298 4.591
center of the 30 gradua-
tion (For reference
only)

These functions, appropriately labeled, are plotted in Figures 24 and 25 as

noted in Table 5.
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The rationale for using a regression analysis to generate the curves of

luminance versus voltage is that there are too many uncontrolled variables to

make a point-by-point comparison of Aviation Red and unfiltered incandescent

lighting. When the mockup is disassembled, the light block changed, and the

mockup again re-assembled, at least two variables occur:

a. All four lamps are replaced with four different lamps, each new lamp

probably different in intensity than the one it replaces because of tolerances

on lamp characteristics.

b. The axial, angular, and rotational positions of the lamp filaments with

respect to the centerline of the lighting wedge are probably different when a new

light block is installed.

Because of these uncontrolled variables, an average, or "best fit" curve is

required to reduce the data to usable form.

Examination of Figures 24 and 25 show that the luminance versus voltage

curves for Aviation Red and unfiltered incandescent lighting are indeed parallel,

for all practical purposes, for both the 2-inch and 3-inch mockups. The differ-

ence in the offset between the red and white lighting curves for the 2-inch and

3-inch indicators is the result of the multiplicity of variables involved in

converting the mockups from one color of lighting to another. It is almost

impossible to duplicate lighting system configurations and lamp characteristics

in all details. It was therefore concluded that further mockup conversions to

red lighting were not warranted.

b. Conclusions and Recommendations

It was concluded that for a particular lighting system the lighting intensity

of the display is approximately predictable when the lighting color is changed

from Aviation Red to unfiltered incandescent white or vice versa.

It is recommended that the mockups supplied to HEL be used for further

studies of U.S. Army aircraft indicator requirements.

4. INDICATOR MOCKUP PANEL AND CONTROL ASSEMBLY (TASKS G AND J)

One purpose of this task was to provide a panel into which indicator mockups

could be mounted. A further purpose was to supply a lighting control assembly to

regulate the lighting of the mockups installed in the panel.
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Figure 26 shows the panel, with the mockups mounted therein, that was produced

under this task. The face of the panel is tilted backward 10 degrees from the

vertical. Referring to Figure 26, all mockups except the 5-inch Attitude Indicator

and the 4-inch Horizontal Situation Indicator are flange-mounted from the front;

the latter two mockups are clamp-mounted from the front.

The indicator lighting control assembly is shown in Figure 28. The schematic

diagram for this assembly is shown in Figure 56. It was designed to operate from

a 115-volt, 60-Hz source and provide both zero-to-5 volt control for each of 16

mockups and control of overall voltage levels to raise or lower the voltages of

all 16 mockups simultaneously. Supplied with the control assembly, as seen in

Figure 28, are 16 cables to connect the control assembly to the mockups. Each

cable is ten feet long.

5. RED-LIGHTED FLUORESCENT PAINT STUDY (TASK I)

The purpose of this task was to document for future use the intensities of

various colors of fluorescent paint when illuminated by Aviation Red lighting at

various excitation voltages.

a. Task Activities

Figure 27 shows the mockup constructed for these tests. It consisted of the

lighting system of Figure 1, with Aviation Red lamps, a paint sample strip

inserted into the mockup through slits in the sides of the mockup case, a blank

dial face with a .75 by 1.00 inch aperture through which to view the paint

samples, and a spring-loaded backing plate to press the paint sample strip against

the rear of the aperture. The paint sample strip contained the following colors

(unless otherwise noted, the paint color names are those of the Day-Glo Color

Corporation, FSCM listing No. 58825 of Cataloging Handbook H4-1):

Black per FED-STD-595 Color No. 37038 (Ref. only)

Fire Orange

Blaze Orange

Arc Yellow

Saturn Yellow

White per FED-STD-595 Color No. 37875 (Ref. only)

Signal Green

Lightning Yellow

Horizon Blue

Aurora Pink
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The lighting intensity for each of these paint samples was measured at the

center of the aperture (center of the mockup) at lighting system excitation volt-

ages of 1.5, 2.0, 2.5 and 5.0 volts dc. The measurements were corrected using the

curve of Figure 39 and are shown in Figure 57.

b. Conclusions and Recommendations

Listed in descending order of visibility under Aviation Red lighting, the

paint colors are as shown in Table 6.

TABLE 6

FLUORESCENT PAINT VISIBILITY ILLUMINATED
BY AVIATION RED LIGHT

"Color Luminance, fL
(Fluorescent color names at 5.0 vdc
are Day-Glo Trademarks) (Reference only)

Aurora Pink .597

Saturn Yellow (chartreuse) .591

"Arc Yellow (light orange) .578

Blaze Orange (deep orange) .569

Lightning Yellow .564

Fire Orange (red) .555

White (non-fluorescent) .546

Horizon Blue .082

Signal Green .071

Black (non-fluorescent) .026

The following conclusions can be drawn from an examination of Table 6:

• Under Aviation Red lighting, Day-Gldo Aurora Pink, Saturn

Yellow, Arc Yellow, Blaze Orange, Lightning Yellow, and

Fire Orange are all more visible than matte white.

* Horizon Blue and Signal Green appear almost black under red

light.
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e The three best colors to use with Aviation Red lighting,

in order of preference, are Aurora Pink, Saturn Yellow,

and Arc Yellow.

* The visibility of fluorescent paints under red lighting

is more than just a function of the amount of red in the

color; the deepness or paleness of the color (saturation)

is also a consideration.

It is recommended that Day-Glo Aurora Pink, Saturn Yellow, or Arc Yellow be used

if colored fluorescent paints are desired in Aviation Red-illuminated indicators.

6. NIGHT VISION GOGGLE SURVEY (TASK F)

a. Task Activities

The displays listed below were viewed by several lighting engineers using

night vision goggles (NVG). The purpose of this phase of the project was to

subjectively evaluate each of these displays for NVG compatibility. Each display

consisted of a 3-digit numeric readout. The illumination of the readout was

decreased while observations were being made of the quality of the display as

viewed through the NVG, The results of this evaluation were:

a Burroughs "Nixie" Gas Tube - This display tended to wash out due

to stray ambient light producing reflections from the glass

envelope. The display also tended to "break up" at low excita-

tion voltages and produced a "tunneling effect" because of the

digits being stacked.

a Tupl-Sol "Digivac" Fluorescent - This display emitted blue light,

to which the NVG are insensitive. This madi. the display unread-

able. This display was also subject to the "tunneling" effect.

a Pinlite "Midgi-lite" Direct-View Incandescent - The small lighted

circles making up this display became more pronounced at the low

intensities required for compatibility with NVG. This distracted

significantly from the readability of this display.

e Sperry DC-Planar Gas Tube - This display was not dimmable; it

was therefore not compatible with NVG.
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The following displays had good readability, were compatible

with NVG, and were deemed suitable for night usagei

Master Specialties Fiber Optic Incandescent

Tung-Sol Light Pipe Incandescent

Monsanto MAN-IO Gallium Arsenide LED (Dot cegments"

Monsanto MAN-7 Galliim Arsenide LED (Bar segments)

b. Conclusions and Recommeiidations

From the results of this task, it has been determined that:

o Some displays are incompatible with NVG, Of those observed,

the following were found to be compatible:

Master Specialties Fiber Optic Incandescent

Tung-Sol Light Pipe Incandescent

Monsanto MAN-7 and MAN-tO Gallium Arsenide LED,

both dot and bar sogments

e Tunneling effects occur with the Burroughs "Nixie" and the

Tung-Sol "Digivac" displays.

s Any 7-segment display roquires a monitoring system to detect

inoperative segments.

Reflections of ambient light can make a 7-segment display

unusable if the display ia not designed to operate in high

ambient illumination. These reflections can riot only swamp

the entire display, as with the Burroughs' "Nixie" Gas Tube

and the Tung-Sol "Digivac" Fluorescent, but can cause an

unilluminated segment to appear lighted.

* LED displays tend to "wash out" in high ambient illumination.

* Further research is needed in this area.
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APPENDIX A

DATA REDUCTION PROCEDURES

Al. Mean and Standard Deviation

a. X, mean - arithmetic average of all points
n
Exi

n i
i= i

where xy data point i

n- number of data points

b. ¾ standard deviation - root mean square of the deviations of a set of data

points from the mean, X.

(X- )

n-1

where Xi - data point i

X - mean (as defined above)

n - number of data points

A2. Student's t-Distribution Test

To determine the degree of statistical significance, if any, between two sets

of data, the following calculation is made:

n(X( - Y (X)

n-1
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hph

where -data point i in the X-data set

Yi data point i in the Y-data set

n number of data points in the X-data and Y-data sets

= number of pairs of data points

This value of t is compared to tabulated values of t found in statistical tables,

e.g., Table III of R. A. Fisher and F. Yates, "Statistical Tables for Biological,

Agriculture and Medical Research," 6th ed., Oliver and Boyd, Edinburgh, 1963.
These tables list calculated values of t for various degrees of freedom (n or df),

which is one less than the number of pairs of data, and various levels of

significance for a one-tailed test (data can vary in one direction only) or a two-

tailed test (data can vary both + or -). If the calculated value of t is less

than the tabulated value, there is no significant difference in the two sets of

data.

A3. Reg..isslon Analysis..qurve Fitting)

The following formulas apply to a set of n ordered pairs [xiYi)1 , i - 1, 2,

. , n. The assumptions of normal regression analysis are that the x's are

fixed variables and the y's are independent random variables having normal dis-
2tributions with common variance 0 . The assumptions of normal correlation

analysis are that [(X6Ly i )] constitute a random sample from a bivariate normal

population.

1. Polynominal Function

'~+ xb 2 
+.

/~~ + Eo b~2x + b x + + b xm

1 2 'U

For a polynominal function fit by the method of least squares, the values of b,I0bl, ... bm are obtained by solving the system of m + 1 normal equations

nb0+ 1)1Ixi+ b 2 + + b M x m = yinbo +bZxi +b x2  +.L . . +~ U

b. X + b. . ..2.- b.x.3 + . . . + b.Zx. l . . . ... y.

bo0x + b1 x m+1 + bi2;xim+2 +i + bixi2m '2 UiMYi
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2. Straight Line

y -b + blx

For a straight line fit by the method of least squares, the values b and b are
0 1

obtained by solving the normal equations

nb0 + b1 ,XI -Eyi

2boY4. + bX -2xiy

The solutions of these normal equations are

n2;x Y - (2;xi) (2;yi)
bi a mi2 (i~ )

b b-" b I - ay b 1 x

3. Exponential Curve

y abx

or

log y log a + (log b)x

For an exponential curve fit by the method of least squares, the values log a and

log b are obtained by fitting a straight line to the set of ordered pairs

[(xi, log Yi)]

4. Power Function
b

y max

or

log y log a + b log x

For a power function fit by the method of least squares, the values log a and b are

obtained by fitting a straight line to the set or ordered pairs [(log xi, log yi)]
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